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(54) Improvements in and relating to spring energised plastic seals 



(57) A seal between a pair of relatively axially mov- 
able coaxial components (12, 14) is provided by a spring 
energised plastic seal (22) which is located axially with 
respect to the outer component (14) to separate a high 
pressure fluid area from a low pressure fluid area, the 
spring energised plastic seal (22) has a plastic ring (24). 
the plastic ring (24) defining a body portion (26) and a 
pair of sealing elements (2B), the sealing elements (28) 




Printed by Jouvo. 7500 1 PARIS (FR) 

DOC ID; <EP_0B87647A2_I_> 



extending coaxialty to the high pressure side of the body 
portion (26) and being spaced radially by spring means 
(30), into sealing engagement with opposed surfaces of 
the two components (12, 14). a projection (24) extend- 
ing axially from the low pressure side of the body portion 
(26) adjacent the external diameter thereof, said projec- 
tion (34) engaging an axial projection on the outer com- 
ponent (1 4) so that engagement thereof will support the 
plastic ring (24) radially. 
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Description 

The present invention relates to spring energised 
plastic seals. 

In mechanical seals, where, for example a first seal- s 
ing ring is mounted in fixed axial and rotational relation- 
ship on a shaft and a second sealing ring is mounted in 
fixed rotational relationship to a housing, the second 
sealing ring being movable axially of the housing, so that 
it may be urged axially into sealing engagement with the 10 
first sealing ring, there is a requirement to provide a sec- 
ondary seal between the second sealing ring and the 
housing, which will permit axial sliding of the second 
sealing ring. 

Hitherto, spring energised plastic seals have been is 
used for this purpose. Such seals comprise a plastic ring 
defining a pair of sealing elements, the sealing elements 
being urged apart by spring means. The spring ener- 
gised plastic seal is located in an annular groove in the 
housing, one sealing element being urged into sealing 20 
engagement with the base of the groove and the other 
sealing element being urged into sealing engagement 
with the second sealing ring. The plastic ring is disposed 
so that the pressure of fluid sealed, will reinforce the load 
applied on the sealing elements by the spring means. 25 

When spring energised plastic seals of this type are 
subject to high temperatures and pressures, the plastic 
ring readily deforms to the shape of the groove, taking 
on a permanent set. When the system cools, the plastic 
ring, which has a high coefficient of linear expansion. 30 
can shrink a considerable amount and grip the second 
sealing ring, restricting axial movement of tiie second 
sealing ring. 

In hydrodynamic seals or gas seals which rely on a 
cushion of fluid being built up between the faces of the 35 
seating rings, this presents a serious problem when 
starting up from cold, the spring energised plastic seal 
preventing separation of the faces, so that they will be 
subjected to significant wear, which may result in pre- 
mature failure of the seal. 40 

While the spring energised plastic seal according to 
the present invention is particularly advantageous with 
hydrodynamic or gas seals, it is applicable to any appli- 
cation where a spring energised plastic seal may be 
used, particularly where the spring energised plastic 4s 
seal is liable to be exposed to high temperatures and 
pressures. 

In accordance with one aspect of the present inven- 
tion, a seal between a pair of relatively axially movable 
coaxial components is provided by a spring energised so 
plastic seal which is located axially with respect to the 
outer component to separate a high pressure fluid area 
from a low pressure fluid area, the spring energised 
plastic seal comprising a plastic ring, the plastic ring 
having a body portion and a pair of sealing elements ss 
extending coaxially to the high pressure side of the body 
portion, the sealing elements being spaced radially and 
spring means being located between the sealing ele- 



ments to urge them apart and into sealing engagement 
with opposed surfaces of the two components, charac- 
terised in that a projection extends axially from the low 
pressure side of the body portion adjacent the external 
diameter thereof, the projection engaging an axial pro- 
jection on the outer component, the axial projection on 
the outer component extending towards the high pres- 
sure side of the seal and being disposed radially inward- 
ly of the projection on the plastic ring ; so that engage- 
ment thereof will support the plastic ring radially. 

In accordance with the present invention, engage- 
ment of the axial projection on the plastic ring with the 
axial projection on the outer component, will support the 
body portion of the'spring energised plastic seal radially, 
thus preventing it from shrinking onto the inner compo- 
nent. 

According to a preferred embodiment of the inven- 
tion, the projection on the outer component may be pro- 
vided by an annular groove in a radial face of the outer 
component, the projection on the plastic ring being lo- 
cated in the annular groove. The radial face of the outer 
component is located on the low pressure side of the 
seal and serves to locate the spring energised plastic 
seal axially of the components. 

The plastic ring of the spring energised plastic seal 
of the present invention may be made from PTFE, a PT- 
FE composite material or any other suitable plastics ma- 
terial. The plastics materials may, for example, be filled 
inorganic materials such as glass or carbon; or with oth- 
er plastics materials such as aramids. The fillers may 
be in the form of fibres or particles. 

In accordance with an alternative embodiment of 
the invention the plastic ring may be of composite form, 
having a first part defining the projection for engaging 
an axial projection on the outer component and a sec- 
ond part defining the sealing formations. The first and 
second parts of the composite ring have complimentary 
abutting faces, by which axial loads applied to the sec- 
ond part will generate radial loads urging the first part 
towards the inner component to close the gap therebe- 
tween. The complimentary faces may be of frustrocon- 
ical or curved configur-'.:„n and may, for example be 
stepped or of complex curvature. Preferably the first and 
second parts of the composite ring are made of dissim- 
ilar materials, the first part being made of a stiffer mate- 
rial. 

The invention is now described, by way of example 
only, with reference to the accompanying drawings, in 
which:- 

Figure 1 shows a partial cross-section of a gas seal 
utilising a spring energised plastic seal in accord- 
ance with the present invention; and 

Figure 2 shows a modification to the spring ener- 
gised plastic seal illustrated in Figure 1 . 

As illustrated in Figure 1 . a gas seal comprises a 
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sealing ring 10. The sealing ring 10 is mounted on a car- 
rier ring 12 in conventional manner (not shown) and is 
sealed with respect thereto by means of sealing element 
13. The carrier ring 12 is slidably located in a coaxial 
retainer ring 1 4 which is adapted to be secured in fixed s 
relationship, to a housing 15. A plurality of angularty 
spaced compression springs 16 act between the retain- 
ing ring 14 and carrier ring 12, to urge the carrier ring 
1 2 and sealing ring 10 mounted thereon, axially into en- 
gagement with a complimentary sealing ring 17 which io 
is mounted for rotation on a shaft 18. 

Groove patterns are provided in one of the opposed 
sealing faces of the sealing rings 10 or 17. in order to 
induce the formation of a cushion of gas between the 
seating faces, when the complimentary sealing ring 1 7 is 
rotates with the shaft 18. The cushion of gas serves to 
prevent face to face contact between the sealing rings 
10 and 17 as they move relative to one another. The 
sealing ring 10 and complimentary ring 17 are exposed 
to gas under pressure, on their external diameters. 20 

An annular recess 20 is provided on the retainer ring 
14 and a spring energised plastic seal 22 is located in 
the recess 20, to provide a secondary seal between the 
retainer ring 14 and the carrier ring 12. The spring en- 
ergised plastic seal 22 comprises a plastic ring 24 made 2s 
of, for example, PTFE or a blend of PTFE. The ring 24 
has a body portion 26, a pair of sealing elements 28 ex- 
tending coaxially from one side of the body portion 26, 
towards the high pressure side of the secondary seaL 
The sealing elements 28 are spaced radially and an an- 30 
nular helical spring element 30 is located between the 
spring elements 28, urging them radially apart, one seal- 
ing element 28 into sealing engagement with the base 
32 of recess 20 and the other sealing element 28 into 
sealing engagement with a carrier ring 1 2. 3s 

A projection 34 extends axially from the side of the 
body portion 26 remote from the sealing elements 28, 
at the external diameter of the body portion 26. The pn> 
jection 34 engages in an axially extending annular 
groove 36 in the end wail 38 of recess 20, on the low 40 
pressure side of the secondary seal. Engagement of the 
projection 34 in the groove 36 will support the plastic 
ring 24 radially with respect to the retainer ring 14 and 
prevent it from shrinking down onto the carrier ring 12. 
The carrier ring 12 will consequently be free to move 
axially of the retainer ring 14. 

The pressure of the sealed gas will act to force the 
sealing elements 28 apart, reinforcing the spring ele- 
ment 30 and will also urge the projection 34 of the plastic 
ring 24, into engagement with the groove 36. 

With the above embodiment there can be a tenden- 
cy for the PTFE ring 24 to be extruded between the car- 
rier ring 12 and housing 14. This tendency is increased 
by distortion of the carrier ring 1 2 under pressure, which 
reduces the O.D. of the end of the carrier ring 1 2 remote 
from sealing ring 10. This problem may be mitigated by 
the provision of a close clearance between the bore of 
the housing 14 and the carrier ring 12. However, as a 



consequence under very high vibration conditions metal 
to metal fretting may occur. 

In order to mitigate the extrusion problem it is also 
desirable to use highly extrusion resistant materials for 
the plastic ring 24. Such materials normally require a 
glass fibre fill, increasing the abrasrveness of the mate- 
rial and consequently wear of the carrier ring 12. 

In accordance with the modification illustrated in 
Figure 2 of the accompanying drawings, the plastic ring 
24' is formed in two parts 40 and 42. The first part or 
control ring 40, defines the projection 34 for engage- 
ment in the annular groove 36 and has a divergent frus- 
troconical end face 44. The second part 42 defines the 
sealing elements 28 and has a complimentary conver- 
gent frustroconical end face 46 for engagement of face 
44. 

The first part 40 of the composite ring 24" is made 
of a plastics material which exhibits high strength to re- 
sist radial loading, a low coefficient of linear expansion 
and low f rictional properties, for example a carbon fibre 
filled PTFE composition. The second part 42 of compos- 
ite ring 24" may be made of plastics material selected 
principally for their low f rictional properties, for example 
PTFE filled with a linear aromatic polyester, such as 
Ekonol. 

In accordance with this modified embodiment of the 
invention, the first part 40 of composite ring 24* is located 
radially by engagement of projection 34 in groove 36. 
The second part 42 of composite ring 24' is located ra- 
dially by interengagement of the conical faces 44 and 



When the modified seal is subject to fluid pressure, 
the sealing elements 28 will be forced apart and into 
sealing engagement with the opposed components 12 
and 14 as described above. The interengaging conical 
faces 44 and 46 will however also apply a radial load to 
the first part 40 of composite ring 24", so that the nose 
48 of the first part 40 is deflected into engagement with 
the carrier ring 1 2 to close the gap, so that no extrusion 
of the second part 42 of composite ring 24' can occur. 
The first part 40 of composite ring 24' may be designed 
so that radial deflection of the nose 48 will be at a slightly 
greater rate than deflection of the carrier ring 12 under 
pressure, so that engagement of the first part 40 with 
the carrier ring 12 will be maintained, without excessive 
loading. 

The modification illustrated in Figure 2 will thereby 
overcome the problem of extrusion and avoid the need 
for use of the more abrasive highly extrusion resistant 
materials. Furthermore, as the first part 40 of the com- 
posite ring 24" is made of low friction material, a close 
clearance may be provided between the I D. of the first 
part 40 and the carrier ring 12, thereby minimising the 
extrusion gap without the risk of metal to metal fretting. 

various modifications may be made without depart- 
ing from the invention. For example, while in the above 
embodiments the spring energised plastic seal 22 forms 
a secondary seal between the sealing ring 10 and the 
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housing 15. the sealing ring 17 may alternatively be 
mounted for axial movement relative to the shaft 1 8 and 
the spring energised plastic seal 22 may provide a sec- 
ondary seal between sealing ring 17 and the shaft 18. 

While in the embodiment illustrated in figure 2 the 
abutting surfaces of the first and second parts of the 
composite plastic ring are of frustroconical configuration 
they may alternatively be curved in such a manner that 
axial loads on the second part of the ring are converted 
into radially inward loads on the first part. Furthermore 
the abutting faces may. for example be stepped or of 
complex curvature. Also while in the embodiment de- 
scribed the first part 40 of the composite ring 28" is de- 
flected into engagement with the carrier ring 12, it is suf- 
ficient that the first part 40 is deflected to a degree suf- 
ficient to maintain the gap at a close clearance, as the 
carrier ring 12 deflects under pressure 



Claims 

1 . A seal between a pair of relatively axially movable 
coaxial components (1 2, 1 4) is provided by a spring 
energised plastic seal (22) which is located axially 
with respect to the outer component (14) to sepa- 
rate a high pressure fluid area from a low pressure 
fluid area (24), the spring energised plastic seal (22) 
comprising a plastic ring (24), the plastic ring (24) 
having a body portion (26) and a pair of sealing el- 
ements (28) extending coaxially to the high pres- 
sure side of the body portion (26), the sealing ele- 
ments (28) being spaced radially and spring means 
(30) being located between the sealing elements 
(28) to urge them apart and into sealing engage- 
ment with opposed surfaces of the two components 
(12, 14), characterised in that a projection (34) ex- 
tends axially from the low pressure side of the body 
portion (26) adjacent the external diameter thereof 
the projection (34) engaging an axial projection on 
the outer component (14), the axial projection on 
the outer component (14) extending towards the 
hiph pressure side of the seal and being disposed 
radially inwardly of the projection (34) on the plastic 
ring (24), so that engagement thereof will support 
the plastic ring (24) radially. 



2. A seal according to Claim 1 characterised in that 
the projection (38) on the outer component (14) is 
provided by an annular groove (36) formed in a ra- 
dial face (38) of the outer component (14), the radial 
face (38) being located on the low pressure side of 
the spring energised plastic seal (22). 

3. A seal according to Claim 2 characterised in that 
the radial face (38) of the outer component (14) is 
formed by the wall of a circumferential recess (20) 
in the internal diameter of the outer component (14). 
the circumferential recess (20) serving to locate the 



spring energised plastic seal (22) axially with re- 
spect to the components (12. 14). 

4. A seal according to any one of the preceding claims 
5 characterised in that the plastic ring (24) is formed 
from polytetrafluoroethylene (PTFE), a blend of pol- 
ytetrafluoroethylene or any other suitable plastics 
material. 

io s. A seat according to Claim 4 characterised in that 
the plastics material is filled with inorganic filler such 
as glass or carbon or with other plastics materials 
such as aramids. 

'5 6 A seal according to claim 5 characterised in that the 
fillers are in the form of fibres or particles. 

7. A seal according to any one of the preceding claims 
characterised in that the plastic ring (24") is of com- 

20 posite configuration having a first part (40) which 
defines the projection (34) for engagement of the 
axial projection on the outer component (14) and a 
second part (42) which defines the sealing ele- 
ments (28), the first and second parts (40, 42) hav- 

ss ing complimentary abutting faces (44, 46), the abut- 
ting faces (44, 46) being adapted to convert axial 
loads applied to the second part (42) into radial 
loads urging the first part (40) towards the inner 
component (12) to close the gap therebetween. 

30 

8. A seal according to claim 7 characterised in that the 
complimentary abutting faces (44, 46) are of frus- 
troconical or curved configuration. 

35 9. A seal according to Claim 7 or 8 characterised in 
that the abutting face (44) of the first member (40) 
is divergent. 

10. A seal according any one of Claims 7 to 9 charac- 
40 terised in that the first and second parts (44, 46) of 

the composite plastic ring (24') are made of dissim- 
ilar materials. 

11 . A seal according to any one of Claims 7 to 1 0 char- 
45 acterised in that the first part (40) of the composite 

plastic ring (24') is made of plastics material which 
exhibits high strength to resist radial loads, a low 
coefficient of linear expansion and low frictional 
properties. 

so 

12. A seal according to Claim 11 characterised in that 
the first part (40) of the composite plastic ring (24') 
is made of a carbon fibre filled PTFE composition. 

55 1 3. A seal according to any one of Claims 7 to 1 2 char- 
acterised in that the second part (42) of the com- 
posite plastic ring (24') is made of a PTFE compo- 
sition filled with a linear aromatic polyester. 
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1 4. A seal according to any one of Claims 7 to 1 3 char- 
acterised in that the I.D of the first part (40) of the 
composite plastic ring (24") is a close clearance with 
the inner component (12). 

s 

15. A mechanical seal for providing a fluid tight seal be- 
tween a pair of relatively rotatable components (15, 
18) comprising a first sealing ring (17) mounted in 
fixed axial and rotational relationship to one com- 
ponent ( 1 8) and a second sealing ring (10) mounted io 
in fixed rotational relationship but movable axially 

of the other component (15), characterised in that 
the second sealing ring (10) being sealed with re- 
spect to said other component (15) by means of a 
seal in accordance with any one of Claims 1 to 14. is 

16. A mechanical seal according to Claim 16 in which 
the mechanical seal is a gas seal or a hydrodynamic 

seal. 

20 
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(57) A seal between a pair of relatively axially mov- 
able coaxial components (1 2, 1 4) is provided by a spring 
energised plastic seal (22) which is located axially with 
respect to the outer component (14) to separate a high 
pressure fluid area from a low pressure fluid area, the 
spring energised plastic seal (22) has a plastic ring (24), 
the plastic ring (24) defining a body portion (26) and a 
pair of sealing elements (28), the sealing elements (28) 



extending coaxially to the high pressure side of the body 
portion (26) and being spaced radially by spring means 
(30), into sealing engagement with opposed surfaces of 
the two components (12, 14). a projection (24) extend- 
ing axially from the low pressure side of the body portion 
(26) adjacent the external diameter thereof, said projec- 
tion (34) engaging an axial projection on the outer com- 
ponent (1 4) so that engagement thereof will support the 
plastic ring (24) radially. 
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